We report here the synthesis of phenyl(2-phenyl-2,3-dihydro-1H-perimidin-2-yl)methanone (2) by the condensation reaction between 1,8-diaminonaphthalene (1) and benzil in equimolar ratio at ambient temperature. Further reaction of compound 2 with one equivalent of sodium borohydride at 0 ºC resulted in quantitative conversion of ketone to corresponding alcohol, namely, phenyl(2-phenyl-2,3-dihydro-1H-perimidin-2-yl)methanol (3). The solid-state structures of both the compounds were established using single-crystal X-ray diffraction analysis. We probed, using quantum mechanics, the mechanism of formation of compound 2 through two of the most plausible routes and observed that it was more plausible that the first route, energy-wise, would result in product 2. We also calculated the stabilization energy of intermolecular hydrogen bonding, which leads to the formation of a dimer, which has already been observed in the solid-state structure of compound 3.
INTRODUCTION
Nitrogen-containing heterocycles are ubiquitous in nature and exhibit diverse and important biological activities [1] . Perimidines are a very interesting class of compounds that are unusual among azines in that a lone pair of pyrrole-like nitrogen atoms participate in the π system of the molecule, and there is a transfer of electron density from the heterocycle to the naphthalene ring [2] [3] [4] [5] . These perinaphtho-fused pyrimidines therefore have the characteristics of both π-deficient and π-excessive systems [6] . They have long been used in dyes and in the manufacture of polyester fibres, and more recently as the source of a novel carbene ligand [7] . Their biological activity has also attracted attention; for example, their potential to act as anti-fungal, anti-microbial, anti-ulcer and anti-tumour agents [2, 8, 9] . In the past, various synthetic routes were used to prepare perimidine compounds [10, 11] . Very recently, Shaabani et al. diaminonaphthalene in the presence of cerium ammonium nitrate (CAN) catalyst [12] . Mobinikhaledi et al. reported the use of a zeolite catalyst to prepare a wide variety of perimidines through the cyclocondensastion reaction of 1,8-diaminonaphthalene and corresponding aromatic aldehydes [13] . Patton et al. also contributed to the synthesis of perimidines using 1,8-diaminonaphthalene and benzonitrile oxide. However, they did not report a structure [14] . The structures of 1-methyl-1H-perimidin-2(3H)-one and 1,3-dimethyl-IH-perimidin-2(3H)-one were reported by Claramunt et al. [15] Another example of 2-methylsulfanyl-1H-perimidin-3-ium iodide was reported by Ghorbani [16] . However, mechanistic details are not available for the formation of perimidines or their derivatives. Thus, there is scope for development in this field, in order to understand various routes of synthesis, using results of experiments as well as density functional theory (DFT) calculations.
Here, we report the synthesis and structures of two perimidines, phenyl(2-phenyl-2,3-dihydro-1H-perimidin-2-yl)methanone (2) and phenyl(2-phenyl-2,3-dihydro-1H-perimidin-2-yl)methanol (3) without the use of any catalyst. We also elucidate mechanistic details using DFT calculations to show the most plausible route, energy-wise, for the formation of compound 2 and stabilization energy of compound 3 due to intra-molecular hydrogen bonding. Scheme 1. Synthesis of compounds 2 and 3
EXPERIMENTAL AND COMPUTATIONAL METHODS

General Information
All manipulations were done in the presence of air and moisture. 1 
Synthesis of Compound 2
In a 100 mL round-bottom flask 40 mL methanol was added to a mixture of benzil (2.6 g, 12.65 mmol) and 1,8-diaminonaphthalene (2 g, 12.65 mmol) and stirred at ambient temperature for four hours. The yellow precipitate was filtered and washed with cold methanol (5 
Synthesis of Compound 3
To a methanol solution (10 mL) of compound 1 (0.25 g, 0.71 mmol), NaBH 4 (0.053 g, 1.42 mmol) was added at 0-5 ºC. Reaction was monitored by TLC; after completion of reaction, quenched by water, the white precipitate was filtered and purified by column chromatography on silica gel (100-200 mesh), 5% petroleum ether and ethyl acetate as eluent. Yield 0.24 g (95% 
Single-Crystal X-Ray Structure Determinations
Single crystals of compounds 2 and 3 were grown from dichloromethane at -4 °C. In each case a crystal of suitable dimensions was mounted on a CryoLoop (Hampton Research Corp.) with a layer of light mineral oil. All measurements were made on an Agilent Supernova X-Calibur Eos CCD detector with graphite-monochromatic Cu-Kα (1.54184 Å) radiation. Crystal data and structure refinement parameters are summarized in Table 1 . The structures were solved by direct methods (SIR92) [17] and refined on F 2 by the full-matrix least-squares method, using SHELXL-97 [18] . Non-hydrogen atoms were anisotropically refined. Hydrogen atoms were included in the refinement on calculated positions riding on their carrier atoms. 
Computational Details
The computational calculations set out in this paper were performed with the Gaussian 09 [19] suite of programs to investigate the plausible mechanisms of formation of product 2. Based on the mechanisms shown in Scheme 2, reactants: 1,8-diaminonaphthalene (R1) and diketone (R2), each possible intermediate and product 2 were analysed by developing static models on the basis of two different levels of theories. Visualization of the models and analysis of the results obtained from Gaussian 09 were done using the Gauss view package [20] . The two pathways leading to same perimidine product, along with the reactants involved and intermediates, are shown in Figure 3 . The most important part of model chemistry is to choose the appropriate method and basis set for calculations. Since our model entities contain floppy groups, we have used two different methods for our calculations. We have followed the procedure of performing higher-level total energy calculations with a geometry optimized at a lower level of theory. DFT, using the three parameter functional proposed by Becke, with correlation energy according to the Lee-Yang-Parr formula, denoted as B3LYP [21] with a 6-311+G(2d,p) basis set was used for the higher level, and Hartree-Fock (HF) method with a smaller basis set, 3-21G(d), was used for the lower level. It was determined that this method, compared to experimental results of the so-called G2 molecule set, has a reasonable maximum absolute deviation value, and energies computed with the B3LYP functional are generally insensitive to the geometry optimization level [22] .
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Initially, structural optimization was carried out through the HF method, followed by harmonic frequency calculations, confirming that the obtained structures correspond to the minima on the potential energy surface. The single-point electronic energy was calculated using the B3LYP method for each chemical entity by taking the optimized structure. The final stabilization energy includes B3LYP singlepoint calculation energy with addition of zero-point energy and thermal energetics corrections obtained from the HF method. As the final crystal structure from the experiment is a dimer, we also calculated stabilization energy due to dimerization of compound 2 in the same manner, by considering the corrected energy of the monomer. 
RESULTS AND DISCUSSION
Characterization
The substituted perimidine (compound 2) was synthesized in the absence of any catalyst with a good yield by a condensation reaction involving 1,8-diaminonaphthalene and benzil in 1:1 molar ratio at ambient temperature. The compound was recrystallized from dichloromethane at -4 ºC (see Scheme 1). The compound phenyl(2-phenyl-2,3-dihydro-1H-perimidin-2-yl)methanol (3) was obtained in good yield by the reaction of compound 2 and sodium borohydride at 0 ºC (see Scheme 1). The spectroscopic and analytical data for compound 2 is consistent with the reported values. Compound 3 was characterized using spectroscopic/analytical techniques. The solid-state structures of compounds 2 and 3 were established by single-crystal X-ray diffraction analysis.
The NMR spectroscopic data for compound 2 is already reported in the literature. [12] The formation of compound 3 from compound 2 was followed by (3) be assigned to the resonance of the amine protons (5.03), which are slightly high field shifted when compared to compound 2 (5.22), alcoholic proton (3.22) and methine proton (4.95). The aromatic protons in compound 3 are in the expected regions. In FT-IR spectra of compound 3, the characteristic absorption band appeared at ν = 3350 cm -1 for -OH group and ν = 3215 cm -1 for two -NH groups, which also confirm the formation of compound 3 by reduction of compound 2.
The solid-state structures of compounds 2 and 3 were established using single-crystal X-ray diffraction analysis. Compound 2 crystallizes in the monoclinic space group P2 1 /n having four independent molecules in the unit cell (see Figure 1) . Compound 3 crystallizes in the triclinic space group P -1 having four independent molecules in the unit cell (see Figure 2) . The details of the structural parameters for compounds 2 and 3 are given in Table 1 . In compound 2, the C18-O1 bond distance of 1.217(3) Å is within the range of the typical carbonyl C=O bond (1.22 Å), C-N bond distances observed 
DFT Analysis
In the DFT calculations, we explored two possible reaction mechanism pathways designated by red and green dotted lines. Both the reaction mechanism pathways initially pass through a common transition state (TS1) and intermediate state (I1). The formation of TS1 takes place through the lone pair attack by one of the nitrogen atoms of R1 on the carbonyl carbon of R2. The nearest N-C and O-H bond distances are found to be 2.94 Å and 3.13 Å respectively for TS1. The interaction between the participating amine and carbonyl groups leads to the formation of a N-C covalent bond and proton transfer by forming I1; the relative stabilization energy of this intermediate is -8.30 kcal/mol with respect to R1 and R2. Now, based on the availability of a lone pair of nitrogen atoms, the reactions can progress in either of the proposed ways. Both the proposed paths contain elimination of OH-in their transition states: TS2 and TS3, but the former path, having lower energy, is formed due to the attack of a lone pair of the same nitrogen atoms on the carbon-centre-bearing OH group, while the latter involves the attack of a lone pair from the far amino group, which is not so favourable, energy-wise. In the next step, water is eliminated and thus product P1 is formed from TS2. The pathway also contains elimination of the water molecule by forming I2, followed by the lone pair attack by other nitrogen atoms to the carbon centre of C=N bond to form P1. We also calculated the HOMO-LUMO energy gap for this product and orbital pictures are shown in Figure 4 . In P1, electron density in HOMO is on naphthalene and two -NH groups. The electronic structure analysis of P1 explains the charge transfer interactions and most of the electron density transfer from naphthalene and -NH moieties to Ph-CO moiety.
From the experiment, P1 is not the final product. After reduction of P1 by sodium borohydride followed by acid treatment, the monomeric product P2 is formed, which undergoes dimerization; dimeric structure was confirmed by the crystal structure. The stabilization energy of P2 is found to be -441 kcal/mol with respect to P1. We also carried out energy calculations to understand the stability of the dimer (see Figure 5 ). It was found that the stability of the dimer comes from the existence of three types of hydrogen-bonding pairs: O-H--O, O-H--N and N-H--N, which are absent in the monomer. The monomer contains free or non-hydrogen bonded O-H and N-H groups, whereas the dimer contains both free and hydrogen bonded ones. We conducted a vibrational frequency analysis to understand the hydrogen bonding nature of these groups in comparison to non-hydrogen bonded ones. The various hydrogen-bond distances and frequencies are shown in Figure 5 . In the dimer complex, the values of hydrogen bonded -X-H (X = O, N) stretching frequencies are lower than the free -X-H groups of same complex and also of the monomer. The frequencies of free groups in the dimer complex are very close to that of the monomer.
CONCLUSIONS
In summary, we have presented the synthesis and structural characterization of two perimidines, phenyl(2-phenyl-2,3-dihydro-1H-perimidin-2-yl)methanone and phenyl(2-phenyl-2,3-dihydro-1H-perimidin-2-yl)methanol in the absence of any catalyst. We have also performed DFT calculations to confirm the mechanism of formation of perimidines by the reactions of 1,8-diaminonaphthalene and benzyl. The optimized structure of phenyl(2-phenyl-2,3-dihydro-1H-perimidin-2-yl)methanol (dimer) shows excellent agreement with its solid-state structure established by single-crystal analysis. Currently we are in the process to explore the coordination behaviour of various perimidines and their derivatives into transition metal chemistry. 
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